gingival tissues, but these findings appeared inconsistent (3) (4) (5) (6) (7) (8) (9) (10) . While some studies reported TLR4 in immune cells of gingival connective tissues (8, 10), others presented with immunohistochemical evidence that TLR4 was expressed in human gingival epithelium (3, 7, 9) , especially in the basal cell layer (9) ; and the expression was enhanced in periodontitis (3, 7, 9, 10) . These studies, however, did not describe any distinctive TLR4 expression profiles of junctional epithelium, oral sulcular epithelium or oral epithelium. On the other hand, both human TLR4 (11) and MD-2 (12, 13) genes were reported to encode several alternatively splicing transcript variants, however their corresponding expression from residential cells isolated from gingival tissue has not yet been reported. In the present study, we defined different in vivo expression profiles of TLR4 in healthy and periodontitis-involved human gingiva followed by examination of the transcript variants and protein products of TLR4, CD14 and MD-2 in cultured periodontitis-free primary human gingival epithelial cells and fibroblasts.
The hypothesis of this study is that TLR4 as one pattern recognition receptor against LPS is expressed and detectable as innate defense element in all compartments of the human periodontium. M a n u s c r i p t p r o o f 7 has been reported in our previous study (14, 15) . Non-smoking Chinese patients between 35 and 60 years old, who attended Prince Philip Dental Hospital, the University of Hong Kong, were recruited to this study between September 2006 and January 2009. Participants had to be systemically healthy, did not have prior periodontal treatment, and had not received antibiotics or anti-inflammatory drugs in the previous 6 months. The purpose of the study and the procedures to be involved were explained to the participants and informed consent was obtained.
The inclusion criteria for the periodontitis group were as follows: 1) at least two teeth per quadrant showed untreated chronic periodontitis with probing pocket depth (PPD) > 6 mm and probing attachment level (PAL) > 5.0 mm; 2) radiographic evidence of alveolar bone loss; and 3) at least one periodontally involved tooth was scheduled for extraction or periodontal surgery. The inclusion criteria for the control group were as follows: 1) no sites with PPD ≥ 3 mm or PAL ≥ 1 mm; 2) no radiographic evidence of periodontal bone loss > 10% or any furcation involvement in multi-rooted teeth; 3) full-mouth bleeding on probing score ≤ 30%, and (4) a tooth scheduled for crown-lengthening surgery or extraction for orthodontic or prosthodontic reasons. To obtain gingival biopsies with intact junctional or pocket epithelium, gingival biopsies were collected through internal beveled incision extended below marginal periodontal bone into periodontal space as deep as possible, as described in our previous report (15).
Forty-four gingival biopsies were obtained from patients with advanced chronic periodontitis (46.3 ± 9.1 years; 23 females). Immunohistochemistry, immunoprecipitation and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   M  a  n  u  s  c  r  i  p  t  p  r  o  o  f   8 immunoblotting were performed on 38, 3 and 3 samples, respectively. Thirty-four control samples were obtained from healthy subjects (42.2 ± 5.8 years; 19 females).
Immunohistochemistry, reverse transcription polymerase chain reaction (RT-PCR), immunoprecipitation and immunoblotting were performed on 10, 5, 3 and 3 samples, respectively. Cell explants (isolation of both human gingival fibroblasts and keratinocytes) were prepared from thirteen control samples. Out of them, RT-PCR, immunoprecipitation and immunoblotting were performed on cells from 9, 7 and 10 samples, respectively.
Immunohistochemistry
Samples were fixed in 10% neutral buffered formalin solution for 24 hours before being dehydrated and embedded in paraffin blocks. Sections (4 µm thickness) were cut and mounted on silicon-coated slides. After the sections were dewaxed and rehydrated, they were treated with 3% hydrogen peroxide and heated in a buffer (0.05% Tween 20, 1mM EDTA, 10mM
Tris HCl, pH 9.0) at 98°C. After blocking in 2.5% horse serum for 20 minutes, sections were incubated with primary antibodies against TLR4 (Rabbit anti-human polyclonal IgG, 1:100, sc-10741, Santa Cruz Biotechnology Inc., Santa Cruz, CA.) in 1% bovine albumin at 4°C M a n u s c r i p t p r o o f 9 Leica, Wetzlar, Germany) and Leica Qwin Standard V 2.6 software (Leica, Wetzlar, Germany). For biopsies of healthy group (n=10), gingival epithelium was divided into three compartments: junctional epithelium (H-JE), oral sulcular epithelium (H-OSE), and oral epithelium (H-OE). Similarly, gingival epithelium of periodontitis group (n=38) was also divided into two compartments: pocket epithelium (P-PE) and oral epithelium (P-OE), according to their spatial position relative to the free gingival margin. The TLR4 expression in different epithelium compartments was evaluated and quantitatively analyzed as the proportion of positively stained area over the total area of the defined epithelium compartment and presented as area (%) (supplementary Fig. S1 ). The proportion of subepithelial cells which were TLR4-immunoreactive was calculated and presented as count (%) according to a protocol described in a previous study (14) .
Cell culture
To obtain pure primary human gingival keratinocytes without contamination from fibroblasts, the healthy gingival tissue (HGT) biopsies (n=13) were washed in ice-cooled phosphate-buffered saline (PBS) and incubated in 2 U/ml dispase (Cat. 
Immunoprecipitation and co-immunoprecipitation
Cells (n=1.0×10 7 from seven culture explants) and gingival biopsies (n=3 each for periodontitis and healthy tissue) were lysed with lysis buffer (1% Triton-X100, 150 mM NaCl, 20 mM Tris HCl, pH 7.4, and 2 µL/mL protease inhibitor, P8340, Sigma-Aldrich, St. Louis, MO), and homogenized on ice. After centrifugation at 12,000× g for 20 minutes at 4°C, the supernatant was collected and protein concentrations determined (BCA kit, Pierce
Biotechnology, Hercules, CA). For immunoprecipitation and co-immunoprecipitation, 500 µg of total cellular protein, or 800 µg of total tissue protein or 500 µg BSA in 500 µL protein extraction buffer (negative control) were used. 
Results

Localization of TLR4 protein in human gingiva
In both healthy ( Fig. 1 ) and periodontitis-involved (Fig. 2 ) periodontal soft tissue, TLR4-immunoreactivity could be readily observable in oral epithelium (Fig. 1b, Fig. 2b & 2d) , oral sulcular epithelium (Fig. 1b, 1c & 1e) , pocket epithelium (Fig. 2a, 2e & 2g) , while it appeared lesser expressed in junctional epithelium (Fig. 1d) . The TLR4-immunoreactivity appeared to be isolated to the cell membrane ( Fig. 1e & Fig. 2d ). Statistical analysis demonstrated difference in the mean area (%) of TLR4 expression among H-JE, H-OE, H-OSE, P-OE and P-PE epithelial compartments (Fig. 3 ) while post hoc multiple comparisons confirmed that TLR4 area (%) were similar among H-OE (34.5 ± 8.2%), H-OSE (30.3 ± 8.8%) and P-OE (31.5 ± 8.7%), but were significantly higher than H-JE (16.2 ± 7.6%) (P≤0.01, Bonferroni multiple comparisons; Fig. 3 ). The TLR4 area (%) expression in P-PE (25.2 ± 12.5%) did not appear to be statistically different than that of any other epithelial compartment in health or disease (Fig. 3 ).
In the subepithelial regions, fibroblast-like cells in healthy gingiva were mostly unstained for TLR4 (Fig. 1c & 1d) , whereas many fibroblast-like cells in periodontitis tissue were heavily stained for TLR4, particularly those proximal to the inflammatory infiltration ( Fig. 2f & 2i) .
In healthy gingiva, leukocyte-like cells were sparsely scattered in oral sulcular M a n u s c r i p t p r o o f 15 epithelium, junctional epithelium, and the subepithelial regions ( Fig. 1c & 1d) . These cells were mostly negative for TLR4, except those with dendritic morphology. In periodontitis tissue, epithelium-infiltrating leukocyte-like cells were largely negative for TLR4, but those accumulating in the subepithelial connective tissue were intensely stained ( Fig. 2g & 2i) .
Some TLR4-positive leukocyte-like cells appeared to accumulate around a mass of TLR4-negative inflammatory cells (Fig. 2h & 2k) . The TLR4-immunoreactivity in endothelial cells was very weak or absent ( Fig. 1 & 2) .
The proportion of subepithelial cells that were TLR4-immunoreactive was significantly higher in periodontitis tissue than in healthy gingiva (68.4 ± 13.7% in 38 periodontal pockets vs. 12.3 ± 5.6% in 10 control samples; P < 0.001, t-test).
Transcript expression of TLR4, MD-2, CD14 and LBP in human gingival keratinocytes, fibroblasts and tissues
The human TLR4 gene contains two alternative splicing exons (Fig. 4a) , each of which may be present or absent in the final mature transcript, theoretically resulting in four mRNA splicing variants (Fig. 4b) . We identified the splicing variants by RT-PCR using pairs of primers designed to amplify the splicing regions containing the exons. Using this method, three splicing variants, TLR4.1 (amplicon size: 518bp), TLR4.3 (amplicon size: 638bp) and TLR4.4 (amplicon size: 351bp) were identified in HGK, HGF and HGT (Fig. 4c) . However, TLR4.2 splicing variant (amplicon size: 474bp) was not found despite repeated experiments.
Similarly, MD-2 gene has one alternative splicing exon giving rise to two MD-2 splicing (Fig. 4d) .
Identity of the PCR products of these TLR4 and MD-2 splicing variants were further confirmed by gel-purification and subsequent DNA-sequencing (data not shown).
CD14 mRNA was detected in HGK, HGF and HGT (Fig. 4e) . LBP mRNA could only be detected in HGT but not in HGK or HGF (Fig. 4f) .
Protein expression of TLR4, CD14 and MD-2 in human gingival tissue and cells and their association in HGF and HGK
The TLR4 protein was detected by immunoprecipitation and immunoblotting from the lysate of HGF, HGK, HGT and periodontitis gingival tissue (PGT) and was found to have a molecular mass of about 120 kDa (Fig. 5c) . The CD14 and MD-2 proteins were detected in HGF, HGK, HGT and PGT by immunoblotting showing molecular mass of 55 kDa and 20 kDa, respectively ( Fig. 5a & 5b) . The authors did not attempt to quantity CD14, MD-2 and TLR4 peptide expression from HGF or HGK cultures. However, the research group did not observe varied detectability of CD14, MD-2 and TLR4 from HGF of the ten control specimens, or the three HGT/PGT tissue biopsies.
In human gingival fibroblasts and keratinocytes, both CD14 and MD-2 could be individually co-immunoprecipitated with TLR4 protein (Fig. 5B) , suggesting associations of TLR4/CD14 and TLR4/MD-2. However, CD14 and MD-2 did not co-immunoprecipitate, indicating that these two HGF and HGK molecules did not form a direct or indirect complex 
Discussion
The although apparently we confirmed that a higher proportion of leukocyte-like cells were stained positive for TLR4 in periodontitis than in healthy control ( Fig. 1 & 2) , the difference in epithelial expression of TLR4 between corresponding healthy or periodontitis compartments does not appear statistically significant (Fig. 3) . The lack of difference between H-JE and P-PE, despite the latter appeared to express higher relative TLR4 level is probably a result of the limited sample size of this study. Nevertheless, for the first time, we described comprehensively the differential expressions of TLR4 protein in the periodontal epithelial barrier. Intriguingly, TLR4 expression appeared to be lower in junctional epithelium, compared to oral epithelium and oral sulcular epithelium (Fig. 3) . It should be noted that we did not try to confirm these results in the subsequent in vitro experiments because currently these are no reliable methods to induce the cultured gingival epithelial cells to differentiate specifically toward junctional, oral sulcular or oral epithelial morphotypes. Nevertheless, how this distinctive expression profile of TLR4 in human gingival epithelium impacts on periodontal pathogenesis warrants further studies. We believe these results suggest the possibility that at least in healthy gingiva different epithelial compartments may be programmed to sense LPS challenge differently.
Possibly due to the lower expression level of TLR4 peptide in gingiva, the effort of identifying cell types in periodontal tissues using double immunofluorescence methods failed (data not shown). As a consequence, cell-type identification is mainly based on cell morphology and location in the tissue section where certain cells were observed. The (Fig. 2c & 2d) . The epithelium-infiltrating cells in both healthy and periodontitis tissues (possibly neutrophils and γδ-T cells according to the cell localization)
showed little staining for TLR4 (Fig. 1c, 1d, 2c & 2i) . Specifically, the immune cells present in the healthy gingiva were mostly negative for TLR4 (Fig. 1c & 1d) . Currently, there is no data regarding the precise biological significances of these splicing variants expression in human. However, a similar alternatively spliced mouse TLR4 mRNA was reported to produce a truncated protein, which competitively inhibits TLR4 signaling (17) .
Our findings show these three variants are present in gingival cells and tissues at comparable levels (Fig. 4c) . Therefore, when evaluating the transcriptional level of the TLR4 gene, the non-protein coding transcripts of TLR4.3 and TLR4.4 should be detected and quantified to take into account and avoid any possible bias or misinterpretation.
For the first time, we have identified the TLR4 glycoprotein in both human gingival keratinocytes and fibroblasts using immunoprecipitation and immunoblotting. All Probably dependent on the amount of glycosylation, the molecular mass of the TLR4 could be 96 or 120 kDa. Glycosylation is reported to be closely involved with the biological function of the TLR4 receptor complex by affecting its cell surface localization, protein complex formation, and LPS responsiveness (18) . In this study, human gingival tissue as well M a n u s c r i p t p r o o f 21 as cultured keratinocytes and fibroblasts were found to express the 120 kDa TLR4 protein, which has been reported to be the most biologically active form among the different glycosylated variants (18) .
Furthermore, the TLR4 protein in gingival fibroblasts and keratinocytes co-immunoprecipitated with MD-2 or CD14 from the same cellular source (Fig. 5e-g ),
confirming the in vitro presence of TLR4/CD14 and TLR4/MD-2 complexes, as hypothesized in previous reports (19) (20) (21) . However, CD14 and MD-2 did not co-immunoprecipitate and did not form complexes in vitro (data not shown) suggesting that these two HGF or HGK originating molecules are not directly associated with each other (1).
Two MD-2 splicing variants were identified in gingival cells and tissue (Fig. 4d) . The protein of around 20 kDa was detected (Fig. 5b) . Possibly the mRNA levels of MD-2.2 were much lower than that of MD-2.1 (Fig. 4d) We could not detect LBP mRNA in both primary gingival keratinocytes and fibroblasts cultured from healthy gingival tissues (Fig. 5) . Also, E. coli LPS and/or hypoxia treatment used M a n u s c r i p t p r o o f 22 as simulators to mimic periodontal infection did not induce LBP transcripts in these cells (data not shown). The present results are in contrast to a previous immunohistochemistry study from our research group that LBP appeared to be expressed in the cytoplasm of gingival epithelial cells (23). However, LBP mRNA was detectable in healthy gingival tissue (Fig. 4f) . It is likely that LBP peptide found in gingival tissue was principally produced in liver and then locally delivered via blood vessels, while the remaining LBP might be locally produced by gingival tissue cell types other than keratinocytes or fibroblasts.
It should be noted that primary cells used in this study were all cultured from healthy gingival tissues; theoretically, their behaviors might be different compared to those from periodontitis tissue. Observation from current report that in vivo TLR4 expression on junctional/pocket epithelia in periodontal health and disease ( 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 were more intensively stained (solid arrow head) than in healthy gingiva (Fig. 1d) .
TLR4-positive inflammatory cells appeared to accumulate around the front of the periodontitis lesion (h, k), which are characterized by a mass of densely infiltrating leukocytes. The proportion of subepithelial cells that were TLR4-positive was significantly greater in periodontitis tissue than that in healthy controls (compared to Fig. 1 : 68.4 ± 13.7%
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